As a result of urbanization and economic prosperity, which has accelerated the generation of municipal solid waste (MSW) along with its organic fraction, the management of MSW is a challenge faced by urban centres worldwide, including the European Union (EU) and Canada. Within a concept of waste recovery, the source separation and on-site treatment of urban organic waste (UOW) can resolve some of the major economic issues faced by urban centres along with the environmental and social issues associated with landfilling. In this context and in a comparison with the traditional landfilling practice, this paper examines on-site UOW composting strategies using a combination of centralized composting facilities, community composting centres and home composting. This study consisted of a feasibility and economic study based on available data and waste management costs. The results indicate that on-site treatment of UOW using practices such as home and community composting can lower management costs by 50, 37 and 34% for the rich European countries (annual GDP over US$25 000), the poorer European countries (annual GDP under US$25 000), and Canada, respectively. Furthermore, on-site composting can reduce greenhouse gas emissions by 40% for Europe and Canada, despite gas capture practices on landfill sites. However, the performance of home composters and the quality of the compost products are issues to be further addressed for the successful implementation of UOW on-site composting.
Introduction
Depending on the country's economic activity, organics represent 20 to 80 % of the municipal solid waste (MSW) main stream and therefore constitute one of its major fractions (EEA and ETC-WMF, 2002; Adhikari et al., 2006 Adhikari et al., , 2009 Papadopoulos et al., 2009) . The improper disposal of urban organic waste (UOW), composed mostly of food and green waste materials, results in well-known health and environmental issues: attraction of insects and rodents; development sites for parasites, pathogens and viruses; contamination of drainage water, and; emissions of unpleasant odours and greenhouse gases (Kumar et al., 2009; Moghadam et al., 2009; Rasapoor et al., 2009; Turan et al., 2009) .
All countries worldwide can benefit from reducing the generation of MSW through recycling and reuse. In Asian countries, the expansion of urban centres and their economic growth have exponentially increased the production of MSW along with the mass of UOW (Adhikari et al., 2009 ). Since several major cities in Asia can only afford to collect 30% of their MSW, their growth has further emphasized the issues associated with collection and disposal (Harjula et al., 2001; Vehlow et al., 2007; Guermoud et al., 2008; Parrot et al., 2009; Troschinetz and Michelcic, 2009 ). In the industrialized countries of Europe and North America, landfilling is still the most common practice for the disposal of MSW along with UOW although social pressures are making it harder to find proper sites (De Baere, 2000; Messineo and Panno, 2008; Environment Canada, 2009 ). Furthermore, landfilled organic waste emit greenhouse gases which can be recovered at a cost, generate leachate which requires treatment and remove land which otherwise could be used for agriculture (EU, 2000; Wagner and Arnold, 2008; Machado et al., 2009) . In an attempt to reduce the number of landfills along with their social and environmental impacts, European and North American countries have adopted policies aimed at reducing the generation of wastes through for example recycling and reuse (CCEM, 1989; EU, 1999) .
To be diverted from landfills, organic waste must be stabilized with the objective among others of producing a soil amendment. In North Canada, composting to produce a soil amendment is probably the most popular treatment, whereas in Europe, countries such as Germany and the Netherlands have encouraged source separation for composting and biogas production through anaerobic digestion (Table 1) . Other European countries such as Spain and France, allow the stabilization of the organic waste fraction by composting the entire MSW mainstream before landfilling; these countries also mechanically source separate the organic waste to produce soil amendments (Kelleher, 2007) . Although the source separated organic waste produces a compost of higher quality and value, this management option through centralized composting facilities increases the collection and transportation costs, besides that of the disposal method. Source separation of UOW for its composting or anaerobic digestion requires a separate collection which increases transportation cost. Cities have generally coped with this issue by collecting UOW weekly and the rest of MSW twice monthly. In terms of treating source-separated UOW and in comparison with landfilling costs of US$30-50 ton À1 of MSW including greenhouse gas capture, composting and anaerobic digestion cost from US$50-400 ton À1 , with an end product not even meeting the recycling cost at US$5-10 ton À1 wholesale.
Therefore, the recycling of organic waste into a high-quality soil amendment requires additional investments in comparison with the traditional method of landfilling even where greenhouse gases are captured and treated (Burnley, 2007; Dunne et al., 2008; Hazra and Goel, 2009 ). This additional investment is an economic burden for developed as well as developing countries. As an alternative method of reducing if not eliminating collection and transport costs to compensate for the treatment cost, community composting centres (CCC) and home composting systems (HC) are proposed. Nevertheless, such systems have not yet been demonstrated as sanitary, and economically and environmentally advantageous.
Within the recycling legislative framework of Europe and North America, the aim of this study was to investigate the economical and environmental advantages of the on-site treatment of UOW by community or individual household composters. The present feasibility and economic study is based on available waste management costs and environmental knowledge. In this study, food and garden waste generated from households, institutions and businesses make up the UOW fraction of MSW.
The European and Canadian UOW generation and management
In this study, the 27 member states of the European Union (EU) were split into groups 1 and 2 (EUG1 and EUG2) consisting of countries with a gross domestic product (GDP) in excess of and under US$25 000 capita À1 year À1 (Table 2) , respectively. Canada and the EU are similar in economy but differ in their landmass and population density. The EUG1 and EUG2 have population densities of 136 and 92 persons km À2 whereas Canada has a population density of only 4 persons km À2 (World Population Prospects, 2007) . Nevertheless, the Canadian population is mainly concentrated along its southern border, for a more representative density of 20 person km À2 . To consider the different contexts of economy, urbanization and population density, the following sections separately discuss the MSW generation and management for the EU, the EUG1, the EUG2 and Canada.
MSW and UOW generation
The MSW and UOW generated by the EUG1, the EUG2 and Canada are presented in Table 2 . For Canada, the quantities of MSW and UOW correspond only to household waste whereas for the EU, the quantities correspond to household, institutions and commercial waste (OECD, 2006 (OECD, -2007 . In 2005, the EUG1 generated 207 million tonnes of MSW or 2.0 kg person À1 day À1 , representing 82% of total MSW generated by the EU. The organic waste fraction represented 32% of the total MSW main stream and amounted to 0.63 kg person À1 day À1 . Also in 2005, the EUG2 generated 44 million tonnes of MSW or 1.56 kg person À1 day À1 representing 18% of the total MSW generated by the EU. The generated organic waste fraction amounted to 25% of the MSW production for the EUG2. With an average gross domestic product (GDP) of US$35 000 capita À1 , the EUG1 produced 28% more MSW per person than the EUG2 with half the GDP of US$17 000 capita À1 .
In North America and for 2005, the Canadian urban population of 25.8 million produced 13.4 million tonnes of MSW or 1.42 kg person À1 day À1 for a GDP of US$33 400 capita À1 . In comparison, the US and Mexican urban populations of 242.3 and 79.6 million, respectively, produced 180.1 and 27.5 million tonnes of MSW or 2.5 and 1.2 kg person À1 day À1 , for a GDP of US$41 400 and 10 700 capita À1 . Accordingly, the calculated UOW generation for Canada, the US and Mexico was 0.43, 0.63 and 0.63 kg person À1 day À1 , respectively. For the EU and Canada, UOW is one of the major fractions of the MSW main stream (Table 3) representing in 2005, 30 and 25% of the MSW main stream, respectively. Other reported components of the MSW main stream were paper and paperboard, glass, metal, plastics and textile.
European and Canadian UOW management practices
Landfilling is still the most common MSW disposal method in both the European Union and Canada. In 2005, the EUG1 and EUG2 landfilled 36 and 82% of the total MSW main stream, whereas Canada landfilled 60% ( Table 2) . Diversion of MSW from landfilling practices vary widely among the EUG1 countries with Germany and the Netherlands reaching over 98% as compared to the UK still at 22% (Table 1) . In Malta, Greece and the Czech Republic, more than 80% of all MSW was still being landfilled in 2005 (EEA, 2009).
The low landfill diversion rate for most European Countries and Canada is far from meeting environmental policy expectations. In 1999 and for the biodegradable fraction of MSW, the EU Landfill Directive 99 (Article 5) (EU, 1999) set diversion objectives of 25% by 2006, 50% by 2009, and 65% by 2016, based on 1995 levels. Similarly in Canada, the Canadian Council of Ministers of the Environment (CCME) proposed a national diversion goal of 50% of all MSW by 2000 based on that disposed in 1989, without specifically targeting the organic fraction (Wagner and Arnold, 2008) . Individual country policies have influenced the level of diversion and the technology preferred for this diversion. Incineration is not widely used because of issues of atmospheric emissions and the fact that the high moisture content of UOW reduces the caloric value of the process (Marton and Alwast, 2002; El Asri and Baxter, 2004; Zsigraiovaé t al., 2005; Environment Canada, 2009 ). While in the EUG1 countries, 21% of all MSW was incinerated in 2005, less than 6% was treated by this process in the EUG2 and Canada (EEA, 2009). The high EUG1 incineration level results in part from countries such as France, Germany and The Netherlands using this technology to divert over 30% of their MSW while generating energy. In 2007 and within the EUG1, Germany and the Netherlands were diverting 98 to 99% of their MSW (Table 1) , respectively, because of strict and costly landfilling and incineration regulations encouraging composting, and a subsidy on biogas production from the anaerobic digestion of organic wastes. In Canada since 2000, only the province of Nova Scotia has succeeded in composting 60% of its organic waste (Wagner and Arnold, 2008) , through strict regulations prohibiting among others, the disposal of organic waste through landfills. However, recycling dropped to 41% in 2006 because of a higher level of waste generation as a result of economic growth and changes in consumer habits. British Columbia is second in Canada with 32% diversion from landfill through recycling, mainly because of a bylaw requiring manufacturers to recover packaging (Table 1) . With voluntary recycling policies for the rest of the Canadian provinces, less than 20% of all MSW is diverted from landfills excess for Quebec thanks to its public organization Recy-Quebec managing the recycling of metals, paper and glass (Environment Canada, 2009 ). Composting and anaerobic digestion are commonly used to treat and recycle the organic fraction of MSW. In 2006 and for the EU, 124 central composting facilities were treating 4 million tonnes of MSW annually (Kelleher, 2007) . In 2005, France, Spain and the Netherlands were composting 14, 33 and 24% of all MSW, respectively (Table 4) , while in Canada, 12% was composted. In the past, centralized mixed MSW composting facilities were built and operated, while at present, the composting of source-separated organic waste facilities are preferred to assure the quality and value of the finished product. In Germany, source separation of the organic fraction of MSW is mandatory in many municipalities and at present, 700 to 900 composting facilities are in operation (Table 5 ). In France, among 119 composting facilities treating MSW, 54 use source-separated UOW. In Canada, 54 facilities compost source-separated food waste generated from residences, industries, businesses and institutions (Table 5 ). The construction of a centralized composting facility can easily cost US$7 million, for a UOW processing cost of at least US$140 ton À1 . Anaerobic digestion is another technology used to divert UOW from landfill sites and produce energy, but its application is generally accompanied by an incentive to generate energy ( Table 1 ). The highest mass of organic waste diverted using this technology is found in Germany and the United Kingdom with 2 000 000 tonnes of oil equivalent (ktoe) year À1 followed by Italy and Spain with 300 ktoe year À1 and the France, Austria and the Netherlands with 100 ktoe year À1 (European Biomass Industry Association, 2006) . To encourage such sources of green energy, EU countries must generally offer a subsidy equivalent to the cost of electricity produced by conventional technologies. At a crude oil price of US$100 barrel À1 , such a green energy policy costs the EU some US$4 billion year À1 .
In order to reduce the cost of treating and recycling UOW, a more interesting diversion method is needed. Within this objective, the on-site treatment of source-separated UOW was proposed to produces a dry, stabilized and volume-reduced soil amendment (Adhikari et al., 2009 ) readily available for urban gardens. Nevertheless, the real economical impacts are issues to be addressed before recommending the wide use of home and community composting centres. Within this context, the following sections formulate and compare strategies for on-site composting of UOW in the EUG1, EUG2, and Canada.
Comparison of on-site UOW composting scenarios diverting MSW from landfills
The following sections examine the growth of MSW and UOW over the upcoming 15 years and then, predict the economic and environmental advantages associated with on-site composting to divert the UOW fraction from the MSW mainstream and landfilling operations.
Estimated growth in MSW and UOW production
The Adhikari et al. (2006) study was an updated study by including rather than estimating the 2005 urban population (UP) and gross domestic product (GDP) data according to UNPD (2007) and UNSD (2008) . The growth of MSW and UOW was estimated by correlating the 2005 urban population of each country (UNPD, 2007) with its 2005 GDP (UNSD, 2008) (Figure 1a and b) . Similarly, MSW and UOW generation rates were correlated with GDP ( Figure 1c ) according to Adhikari et al. (2006) . Estimating urban population expansion based on future economic improvement and population growth, MSW and UOW production were computed from the following equations for 2009, 2016, 2020 and 2025: 
where (MSW) CRY is the MSW production (million tones year À1 ); (UP) CRY is the urban population (%); (TP) CRY is the total population; (MSWR) CRY is the MSW production rate (kg capita À1 day À1 ); (UOW) CRY is the UOW production (million tones year À1 ); (UOWPR) CRY is the UOW production rate (kg capita À1 day À1 ), and; in the subscripts CRY, C refers to the country, R to the continents of Europe and North America and Y to the year. The short-term global economic recession was assumed to have a negligible impact on MSW generation and management systems. From Equations (1) and (2) and for 2009 to 2025, the estimated growth in MSW and UOW in the EU, the EUG1, the EUG2 and Canada are presented in Figure 2 . With the largest population, the EUG1 is expected to increase its MSW production from 202 to 263 million tones year À1 , over the next 15 years (2009 to 2025), resulting in an UOW production increasing from 75 to 92 million tones year À1 . Over the same period, the EUG2 with the second largest population is expected to increase its UOW production from 11 to 13 million tones year À1 . The UOW production is expected to increase by 23 and 18% in 40 000 60 000 50 000 100 000 R 2 = 0.97 R 2 = 0.90 50 000 40 000 30 000 20 000 10 000 the EUG1 and the EUG2, respectively. With 8 million tones year À1 of UOW in 2009, Canada's production is expected to reach 10 million tones year À1 in 2025 representing an increase of 25%.
Scenarios for UOW treatment strategies
The economic and environmental impacts of the proposed scenarios were evaluated in the coming decades. The Base Scenario (Base Sce) assumes that all UOW will continue to be landfilled, but that 80% of their biogas generation will be captured. Scenario one (Sce 1) considers the practices of diverting 57, 16 and 44% of all UOW from landfilling for the EUG1, the EUG2 and Canada, respectively, and treating the diverted waste through a centralized composting facility (CCF) except for 1% which would be treated through home composter (HC). Scenario two (Sce 2) assumes that UOW diversion from landfill will increase from 25% in 2006 to 65% in 2016 and 80% in 2025 and the diverted UOW is composted at CCF. Scenario three (Sce 3) considers zero landfilling with 10, 60 and 30% of UOW treated using CCF, HC and community composting centres (CCC), respectively, by 2025 (Table 6 ). The CCC are considered to be on-site treatment systems because of their close proximity to producers who can drop off the waste on their way to work or during other activities. Table 7 compares the cost of various composting strategies to that of landfilling UOW. Disposal of UOW through landfilling requires: land acquisition; capital, operating and closure costs; and collection and transportation of UOW to landfill sites generally located at some distance from the city (Adhikari et al., 2009) . In addition to the collection and transportation costs estimated at US$115 tonne À1 , a landfill-dumping fee of US$50 tonne À1 is quite common in Europe and America, for a total landfilling cost of US$165 tonne À1 of MSW (Eunomia, 2002) . The cost of capturing landfill biogases of US$1.50 tonne À1 was added to represent more current practices. The CCF were assumed to cost 33% more in collection and transportation as compared with landfilling because of the double collection required, but at a less frequent interval for MSW other than UOW, and the location of CCF within the urban perimeter. With a capacity of 20 Â 10 3 tones year À1 and at 7% interest rate, CCF can compost UOW at a cost of US$241 tonne À1 . The CCC are estimated to treat UOW at a lower cost of US$118 tonne À1 (Table 7) because of the time volunteered to operate the centre. Community composters with a 11.5 m 3 capacity were presumed to cost US$30 000, if not automated and built of polyethylene (Eco-Quartier, 2009 ). In comparison with CCC, HC can cost in the range of US$31 tonne À1 of capacity and are expected to have a 10 year life. For HC, no collection and transportation costs are involved and the time required to manage the system is free. Purchasing the composter, promoting the use of HC and training the community, are the only costs amounting to US$42 tonne À1 . The cost of bulking agent is considered negligible when food waste is composted along with yard trimmings.
Economical assumptions

Environmental assumptions
For all management methods, UOW generated CH 4 . Landfilled UOW contribute to global warming by generating potentially 204 kg CH 4 , 500 kg CO 2 and 0.13 kg N 2 O tonne À1 wet organic waste (Wang et al., 1997; Barton and Atwater, 2002; SITA Australia Pty Ltd, 2008; US CESLG, 2008; Pettus, 2009) , where modern technology can capture and oxidize up to 80% of the CH 4 generated (SITA Australia Pty Ltd, 2008). In addition, the garbage trucks collecting and transporting the MSW generate some 25 kg CO 2 tonne À1 wet UOW (Clean Energy, 2007) , assuming that UOW constitute 46% of the volume handled. According to IPCC (2006) , CCF generate 4 kg CH 4 tonne À1 and 0.3 kg N 2 O tonne À1 wet organic waste and the transportation contribution was presumed increased by 33% as compared to landfilling. This compares favourably with Amlinger et al. (2008) reporting that HC generates 0.8 to 2.2 kg CH 4 tonne À1 , 139 to 215 kg O 2 tonne À1 and 0.076 to 0.186 kg N 2 O tonne À1 of organic waste.
Although composting is an aerobic process, some CH 4 is formed by anaerobic pockets within the mass, when initiating the process because microbes can consume O 2 faster than it can be transferred. In the present analysis, CH 4 , CO 2 and N 2 O emissions from CCC and HC were assumed to respect the upper limits found by Amlinger et al. (2008) , because of limited data on CCC emissions. The GHG (CO 2 , CH 4 and N 2 O) emissions were expressed as units of CO 2 equivalent based on the global warming potential (GWP) of CH 4 and N 2 O valued at 21 and 310 times that of CO 2 , respectively (US EPA, 2005). Values adjusted using an annual inflation rate of 2.5% from 2002 to 2009 and an exchange of US1.00 ¼ E0.72 mid-month average for 2009 (Eunomia 2002; Bank of Canada 1995 ; for EU, collection cost averaged from a range of US$50-210 tonne À1 ; CCF increased by 33% because of double collection at a lower frequency for MSW other than UOW; other costs for LF and CCF were based on UK and Italian values. Gas capturing cost consisting of vertical extraction wells at US$246 m À1 drilling and installation cost with a 25 m influence radius, and at US$525 per wellhead assembly with piping and valves (CIWMB, 2008) , based on a landfill 15 m deep with an average waste density of 380 kg m À3 (Peavy et al., 1985; Bhide, 1994) . Considering the Base Sce, the cost of UOW landfilling in the EUG1 will increase from US$12 300 million to US$15 100 million from 2009 to 2025, an increase of 23% based on 2009 values (Figure 3(a) ). Compared to the Base Sce and for 2025, Sce 1 & 2 will increase the cost of handling and treating UOW by 25 and 37%, respectively, whereas Sce 3 will lower the cost by 49%. Accordingly from 2009 to 2025, and for Sce 1, 2 and 3, the cost of treating UOW will increase from US$15 400 million to US$18 900 million, UD$15 100 million to US$20 700 million and US$6300 million to US$7800 million, respectively. In the EUG2, the landfilling cost for UOW will increase by 14% from US$1800 mllion to US$2100 million. Over the same period, Sce 1, 2 and 3 could increase the cost of handling and treating UOW from US$1950 million to US$2225 million, US$2250 million to US$2850 million and US$935 million to US$1070 million, respectively ( Figure  3(b) ). In comparison with landfilling, adopting CCF (Sce 2) will increase the cost by 57% in 2025 while adopting HC (Sce 3) will drop the cost by 41%.
In the EU27, the cost of UOW landfilling is expected to increase from US$14 100 million to US$17 200 million, if the Base Sce is maintained, an increase of 22% (Figure 3(c) ), whereas Sce 1 and 2 will increase this cost by 50 and 67%, respectively, and Sce 3 can drop this cost by 37%.
For Canada, maintaining the Base Sce will increase UOW handling and treatment costs by 29%, in 2025 in comparison with 2009. If Sce-3 is adopted, the cost will increase from US$660 million to US$850 million over the same period. By adopting Sce 3, the cost can be lowered by 34% as compared with the Base Sce (Figure 3(d) ). Accordingly, Sce 3 appears to be the most feasible option from an economic point of view for the on-site treatment of UOW over the next 15 years.
GHG (CO 2 , N 2 O and CH 4 ) emissions under the various scenarios for 2025
From 2009 to 2025, UOW management can increase GHG emission if the Base Sce, mainly landfilling, is maintained along with its fossil fuels consumption for waste collecting and transportation. Considering Base Sce for the EUG1, GHG emission from landfilled UOW will grow from 37 to 45 million tonnes CO 2 -eq (Figure 4(a) ), whereas Sce 1 and 3 could emit 34 and 27 million tonnes CO 2 -eq, respectively, by 2025, representing a drop of 25 and 40%. The Sce 2 will increase emissions by 7% in 2025, because non-CH 4 capture is assumed from 2016 onwards with the assumption that less UOW landfilling makes CH 4 capture uneconomical. Similarly for the EUG2 by 2025, the GHG emissions for the Base Sce could increase from 5 to 6 million tonnes CO 2 -eq whereas Sce 1, 2 and 3 could limit GHG emissions to 6, 7 and 3 million tonnes CO 2 -eq, respectively (Figure 4(b) ). Again with the Base Sce, GHG emissions by the EU27 could increase from 42 to 51 million tonnes CO 2 -eq (Figure 4(c) ) whereas Sce 1, 2 and 3 could limit GHG emissions to 40, 55 and 31 million tonnes CO 2 -eq. Compared with 2005 emissions (Table 4) , the Base Sce, and Sce 1, 2 and 3 will contribute 1.4, 1.1, 1.5 and 0.8% of the EUG1 anthropogenic GHG emissions, respectively, in 2025. Similarly in Canada, GHG emission from landfilled UOW or the Base Sce is expected to increase from 4 to 5 million tonnes CO 2 -eq from 2009 to 2025 (Figure 4(d) ), but to drop to 4 and 3 million tonnes CO 2 -eq, if Sce-1 and 3 are adopted and to increase to 5% if Sce 2 is implemented. Therefore, in the EU and Canada, the implementation of Sce-3 will reduce GHG emissions remarkably in upcoming years.
Land used for UOW landfilling from 2006 to 2025
Landfilling requires 33 ha of tillable land per million tonnes of UOW (Adhikari et al., 2009 ). Accordingly and from 2009 to 2025, maintaining the Base Sce in the EUG1 will waste 32% more land annually for landfilling ( Figure 5(a) ) which is equivalent to twice the Luxemburg permanent crop area of 1780 ha (CIA, 2009) . Similarly, the EUG2 will require 21% more land (Figure 5(b) ), which is equivalent to twice the Malta permanent crop area of 990 ha (CIA, 2009 ). In Canada, maintaining the Base Sce will increase the annual land usage for landfilling by 38% ( Figure 5(d) ).
By 2025 in the EUG1, implementing Sce 1, 2 and 3 will reduce the annual land requirements for UOW landfilling by 56, 80 and 100% as compared to the Base Sce, while for the EUG2, land use will be reduced by 15, 80 and 100%, respectively (Figure 5b) . Similarly, in Canada, Sce 1, 2 and 3 will reduce land use by 41, 80 and 100%, respectively.
Proposed CCC and HC in Paris, France and Toronto, Canada
The cities of Paris in France, and Toronto in Canada, are large cities with a respective population density of 3400 and 2500 km À2 (Table 8) where the residential, commercial and institutional generation of UOW amounts to 0.63 kg person À1 day À1 (OECD, 2006 (OECD, -2007 . In this projection, it is proposed to use for Paris, two CCC km À2 , three 15 m 3 in-vessel composters and 438 individual home 400 L composting bins km À2 , and for Toronto, 1 CCC km À2 with two 15 m 3 in-vessel composters and 255 individual home 400 L compost bins km À2 (Table 8) .
In comparison to landfilling, CCC and HC can save annual UOW treatment cost by US$25 760 and US$28 900 km À2 in Paris while Toronto can benefit from annual savings of US$8150 and US$49 570 km À2 , respectively. Furthermore, GHG emissions will drop drastically and urban air quality can benefit from less garbage collection and transportation (Adhikari et al., 2009) . Therefore, the on-site composting of source-separated UOW can offer interesting environmental and economic benefits for the years to come. However, the successful implementation of on-site composting offers some challenges.
To recycle a high fraction of the UOW, the implementation challenge for CCC and HC are numerous. The first prerequisite is the participation and involvement of waste producers (urban residents), because most need as stimulus, tax incentives or legislative pressures, besides education on the benefits of compost as soil amendment. Finding space for CCC in highly populated cities such as Paris and Toronto is another challenge, although the Montreal City Tournesol Centre owes its success to its location on the edge of the impressive Jeanne Mance park. The compost produced from CCC and not used by the UOW producers will have to be transported to city gardens.
Conclusion and recommendations
The production of MSW and its UOW fraction is expected to increase exponentially over the next 15 years, as a result of economic growth and urban expansion. If landfilling is maintained as the main treatment option, such growth will further add to already existing waste management issues and resource shortages. To divert the organic fraction from landfills, the EU and Canada have promulgated and implemented waste management legislations with emphasis on reduction, reuse and recycling.
The economic and environmental impact of promoting CCCs and HCs to recycle UOW was investigated in this project as an alternative to landfilling. By 2025, such on-site practices could reduce costs and greenhouse gas emissions by 34 to 50 and 40%, respectively, as compared to maintaining landfilling practices. Furthermore and annually, some 3440 and 330 ha of agricultural land could be saved for the generation of food in the EU and Canada. By eliminating collection, transport and labour costs, HC are an interesting solution to the recycling of UOW. However, the shift of MSW management systems from landfill disposal to resource recovery requires technological input, population participation, compost quality assurance and sufficient urban gardens to divert the mass produced (Burnley, 2007 , Hargreaves et al., 2008 . In this context, the performance of HC is an issue to be addressed for its successful implementation as on-site treatment system.
